— 


a 
enact reat en ah 


‘ aK? b Hall at yet 4) » F bth 
MSH Wey iar i De AM; RAAT j , i i Hin 4) eke iy te wi Sipeeinh eth 
¥ aes tte 
d 


fies 


i 
4 
es : 
AN acta 
i 


i ire te i WHATS Reai? f ahists i} ie a 
SS i ao 


ithe! 
sisi Hf aah 
iy y fe 


Dt 
ttt ate 
Hynde 


HY Cie tiath 


os a 


‘7! 
ie 
eet 


inant 
Es fife 
Mit Me ie 

W Ny Me 8 ae 


BRAG 


eh 


Pah eters ; real 
Pah aH Hea e ; x} i pieiiitetecte ify seats i Hi f see 
} ayaa ses j DMEM ne at IK ! Heth 4 ts i a ia Hi 


‘ts 
rh a 


fs 


Se 
SS. 


S 
Scegeea ate 
eet 
SSS 

Sty 


SSG te 
Se 


=i 


— 
Enis rhs 


a Siakie 
Hay fi Hi iadaae nee he S rf fet 


ses 


hh ae 
jhe 


Wineic institute 


of fechnolugy 


UNIVERSITY LIBRARIES 


AT 541 

Holmes, C. F. 

_ Design of a single-phase 
“| _ induction motor 


For Use fn Libr trery Only 


Digitized by the Internet Archive 
in 2009 with funding from 
CARLI: Consortium of Academic and Research Libraries in Illinois 


http://www.archive.org/details/designofsinglephOOholm 


DESIGN OF A SINGLE-PHASE 
INDUCTION MOTOR 


i THESIS 


PRESENTED BY 


CHARLES F. HOLMES 
TO THE 
PRESIDENT AND FACULTY 


OF 


ARMOUR INSTITUTE OF TECHNOLOGY 


FOR THE DEGREE OF 


BACHELOR OF SCIENCE 


IN 


ELECTRICAL ENGINEERING 


§ MAY 31, 1920 


APPROVED: 


RS 


a 


& Singie Pnase kotor. 
Iubroduction. 
SPeEcCiLlicatiose 
CaLCULATLOUS. 


Aas 


VPAWLOSS Aria DKeETCNeSe 


Revyort ort Test Wituo curves 
Sit Tanoulated aatse 


29104 


TTT CYT TOUT TAIT 
INTRODUCE ION. 


This work is presented Witn tne idea 
cig tne deSigu of & SYLIt pnase motor 
Or Se output in re.2tion to size or 
ecoine GouLU ve Aavcomplished py pruper 
arraignment of parts to vring the great- 
est voss.dle ane CLTGULATLON in amu anout 
those such places as are likely to reach 
Limiting temperacurese 

Tne Frame or the mocnine 18 vulit up 
of G&aStings whien are not complex ana pre- 
sy juv sor the macnine S10 De 
Tne pearlugs surfaces ere iarge iusuring 
Lous Lire. UWpricetiow 1S wy @.ring aip- 
ping inte & vath of oil, .wust iS Rept out 
or ail oli passéges vy TEeit Wesners on 
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Tne circle diagram cam oe appLliea vu 
aeSigu ot & Sissic pnase tevws, sul tue 
operatiug ranye cowes So near tue origin 
vuau Gava vv De derived Irom it are Suv- 
ject to to more error than iS permiss- 
B0L6, Ouse the acSicn must atvempteu dy 
Over METHOGSe An OQuAaLYSiS oL Now movor 
action 1S proadueed wevosves wnat is caii- 
ed the quaurature rielde it is action be- 
tween the tr@usivurmer Tie€lu aud quaara= 
ture Li€iu wlGu Prvuduces Tovatioue ine 
traustormer sleia Srises directuy From 
vue Line CUrrenu 1M tae Stator Wiuiing, 
WOlue tue Quauravure Tiesu SPaves oun, 
arter tue motor u9aS come uo TO Speede 
As toe inductors on tue rotor cut tue 
main trausioruer fied currents ere inu- 
duced in tnem due tu the impedauce ul 
TUCSE PSTHS veing ieariy aii reacterice, 
tne currents are in time quadrature Wits 
tne induced-Geele THIS in turi puts tne 
TWO LLGLUS LU Time aud Space CUuadratvuree 
It Wisi ve Upou tue Aavove 2sSuuptions 
UNA GA&LGULATLOUS UI GeSLEtt Wits. ve made 
tugetner Wltn Certasi Guustanus of re- 
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THE AMPERE TURNS FOR THE AIR-GAP. 


Tie expreSSion SnoWiug tne ampere 
turns required to Send r1ux acruss 
tHE @1Y“geap 2S TOLLows 
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AT e000 BU 
wnere a iS tne eiiective szengta of 
air-gap anu B is tne ITLux density. 


u =,045itl6 
B = £2000 
dines per ini 
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Al = eDLODSKXLZ000% ¢ 045 
= 1079 PGr pore 


AMPERE TURNS FOR THE SPEED FIELD. 


Paeory Qud practice coniirm tne 1act 
tnay at Syucnronous speed tne two f1ieids 
Of & Sangse puase motor are eduase BeLow 
Syucurouous speed tue Speed fieid weak- 
eus directly as 2S tue Speece Because of 
bNE SHALL Strip OL tneSe ti®cn1wes Tor 
ziguraug Tne WO Willi ve aSSumed equare 


neuce AT tota. tor.tne air-gape 
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AMPERE TURNS FOR THE TEETH. 


Tne resuctauce of the teetn is a 
sual percentage or tne tvota. wagnet- 
ic circuit aud vecause or the iow Lriux 
“eusSlty it 1S wot Likery thav tyotu 
density Wlss approacn Satureaviouwe In 
case auy sarge percentage or the air- 
gap fiux traversed the SLots then tire 
Giupere tULruS Lur tulS part or tne mag- 
HEtlic WouiL.ud nave to ve taker tute 
AvCOwute 50 CHA tor Frias not avtempre 
Wla. ve wade to @Svert@iu THiS parte 
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Tnis @21480 is @ Very Smasi part or 

he tota. resuctauce of tue wagnetic 
GLPCULE Aud Wissitve uegiected &5 as 
Ways more Maverla. 15 pub into tnis 
part of tue macnsne fur mechanicar 
STTCnEVO tThOi WOUuLk Oe Teduired ror 
CLECTILCSas, purposeSe Au @S5 ineuy pre- 
VbUus G65 LYus Year OUT tnis Laucu Lb 
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FACTOR FOR DISDRIBUTED WINDING 


At this point it will pecome 
necessary to decitie the numper or 
Slots in the statur Laminations. 
The accompanying arawing Shows a 
Satistectory oatvern Wnichn can oe 
purchased, @i11 dimensions pelng 
given on the drawing. 

There peing 52 Sivts the winding 
Gan pe arranged ee BS eek SOG Ly 
rour pairs or Slots per pole. fhe 
eC © OLGw LO raat OU meee of SLOots to 
clive Sinusoics: aistribvi1ron uf 
air-gap riux is .b00%. 

Tne vovaiL aupere tur 
TULl Paiten WinuLlng Will have to 
pe increased @S given by tne Ioi- 
LOWLING eQuavLori;: 


AT total - =22 552 per poie 
PeOrers) 
The accompa rawing, Fig. 
Z, Shows the L method of 
aetermining the Winding burns tor 


eacn palr or SLOUS. 
TEDULATEYL DELOW. 
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RUNNING COILS 


Since siots are 7#/io" x 2 
tiis area wili accomodate 24 
turns or F714 D. GC. magnet wire. 
But to insure less crowding of 
conductors end lessen the danger 
of insulation preatdown #15 Dp. C. 
Wire Wiis oe used tor the runing 
Winding. 


In the space eit in pairs or 
SLOtS No. o ana No. 4, 18 piavced 
the starting coiis. It 18 desir- 
Bole tu nave aS uch phase displace- 
ment aS possiole, azu as tne current 


in tne Starting Winding wils pe of 
Low power Leactor at the start, the 
refialning choice is to neve the 
current of the Starting winding 

near unlty power ractor. BY o&ving 
a2 prepuilierance ol resistance to 

the Ssvarting Winding, tne extect 

OL @ Trovating flelu W1iiL ve haa. 
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Diameter orf rotur Svace dD in. 
Lengtn of cure 5 in. The torque 
to pe devetoped 18 x1igured trom tne 
norse power outout. 
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Mhe crovor pattern iS alSo shown 
pa chad eae ar ear Tie Lorce ag eenver jo1ne 


of rotor oars is Found to pe 16 
pounds. 


whe torce acting on ar inductur 
carrying current in a field or 
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He Mi. Fe equation tor quedreture 
Lela Inductors @S LoOLLoOWS: 


ve= BLV Y = perivheral 
speed 
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The power aeveLopea py the 


Mecnine 15 in Large eae Lepenwext 


On the Lover. Ve eis OL The Saquirred 


Cag 3 type Solis tet Sy niyghes aueed ais ale the 
fYotor cundauctors are small ena in 
order tu make the quaarature fieia 
as large as possibile a low reSsiStance 


Length or quadrature tle. 
G1ircuit 18 Tlgured as toL1.0Ws. 
Diameter or rotor, o in. iengtn 
vi core o ine Gguarter circum- 
rerence or royor luductur C1lrcuit 


3 


Bae 't CEO = ZU 


Rek® 


HOG VGODpPer Kk =" 1Os.6 
A in circuier inils 
i i lrcnes. 


plnuce orass and solder enter 
into toe CGlrcuit the vaLue or « 
WilL be increased tu 14.0 


0S a ae 


A = %U00U 


{nis 18 a conductor whose cruss 
Section 1S oie ne.trt neh in diemeter. 
from Fige 4 1U Tlil be seen that 
only 4 inductors per pole nave an 
induced voltage ave to rovavion, 
theretore tne croSsS Section ox the 
EquUuIVaLent quaareature Tiela circuit 
Wilt be Supdivited into 4 parts, 
making the croSs Sect1lon per inuwuc- 
tor eUu7l7 
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APLACUOl @ao7 LS InoroovuGed co 
increase the area as always cal- 
culatvea, vecause il a1lstriouting 
the quadrature fLreiu Clrcuit in 
4% pair ot Slots, the e.m.f.'s 


LNGUGcted WILL nov pe equa. 


The Size ot rotor intuctor Will 
pé as Lineé,iy determined 
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This are& Wis pe increased to 
otf Sq ii. {nis oversize tu the 
rotor pars provides tor overloasa. 
unhese tharee-elghtns vars are roiled 
tlat tili tne thickness vetween 
paralieL races iS seven thirty- 
seconds of an inch. hese are 
also Set endwise in the rotor 
SLOTS @2S shown in Fig. 2 and not 
insulated. 


*Benrana: Elec. ilach. Design. 


The core 108s rrom curves or 
trequency Sia rlux density Willi pe 
about .d watts per pound weignt 
Or Laminatea 1frorie 


Welgnt of Laminated iron = 45 ibs. 
0X45 = 22.5 watts 
HRICTION AND VWINDAGE LOSSES 


From G@at& obtained trom vreviouws 
USSISTS Vlip LOS 1S benrci @S BU 
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COPPER LOSSES. (Stator) 


LWo pounds oF 
wire Willi be req 
ing or the stator, 
ot whieh will be . 
TULL Load current 
copper Loss ana tn 
yO.D watts. 
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COPPER LOSSES (Rovor) 


wne current tuo excite the 
quairature tleia 10 the rotor 
tortis @ constant Loss, Suv that 
as roughly eStimated Wlii pe 
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56000 =x .UUL4 = OU Watts 


pue to increased Size or ruvor 
inductors, the resistances will 
vary inversely aS tne cross 
sections. he constant .005 is 
reduced to .UUi4 as TfojLows;: 


el6d ~ .005 
OW as VOLE 


wi6p = 1tinel erea or quad- 
ravure circuit. 


The current set up in the 
rotor due to transiormer action 
1S Ssmési in this machine due to 
1tS Smali SLip and will be roughly 
estimated as eauaL to the auadira- 
ture field Loss. 
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PETERMINED 
N2 of FOLes 4 Zs 
SPEED +. p.m. /750 1750 
VOLTAGE 110 408 
OUTSIDE DIA. STATOR a” Ss” 
/NSIDE DIA “ ail os” 
SIZE SLOTS VEx V4. TeX Vag 
SLOT OPENING 7s" Js” 
NN? OF SLOTS 32 32 
OUTS/DE DIA. ROTOR $7050 5-080 
DIA. ROTOR SPIDER 2 a” 
S/ZE ROTOR SLOTS Ye? vo Z2% 7" 
SLOT OPENING Vie” YiE” - 
N2 OF SLOTS ve 39 
LENGTH OF STATOR * dee 25° 
LENGTH oF ROTOR at. 2.75” 
S/ZE ROTOR BARS Ig dD Yor x 4° 
END RINGS BRASS 
ENDRING THICKNESs V3" Va 
RUNNING GO/ES 
SIZE WIRE 46 1° 
N?2 OF TURNS 90 7s" 
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STARTING COILS 
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